Radiotherapy is an optimal treatment of esophageal cancer recently (NCCN 2010 http://www.nccnchina.org/). The main reason for the treatment failure is the local recurrence with the 2year local recurrence rate as high as 43% [1] . In addition to hypoxia, lack of exposure, and insufficient irradiation due to the protection of important organs, the existence of radioresistant cells in the tumor is another important reason of local recurrence [2] . The best explanation for radioresistance of esophageal cancer cells may be the differentially expressed genes between radioresistant cells and radiosensitive cells. Therefore, searching the differentially expressed genes and suppressing their expression may be helpful for esophageal cancer therapy. Recently, many studies have screened radioresistancerelated genes in several types of cancer cells by using microarray [212] . Fukuda . [2] compared the gene expression profiles of radioresistant cells and radiosensitive cells by using whole human genome microarray, and found that 47 genes, including BIRC2 and COX2, were involved in radioresistance of esophageal cancer cells. Chang .
[3] screened gp96 and GDF15 genes from radioresistant human nasopharyngeal carcinoma cell lines. Many studies confirmed that microarray is a good 窑Esophageal Cancer Column窑 www.cjcsysu.cn method for screening radiosensitive genes in tumor cells. However, four limitations remain in the previous studies. First, some studies directly compared the differentially expressed genes between radioresistant cells and radiosensitive cells without considering that some genes were expressed after radiotherapy [23, 910] , causing the incomplete screening of the differentially expressed genes. Second, the genetic background was different between compared cell lines [69, 1112] , leading to falsely positive results. Third, several studies compared the differences using one pair of cell lines [6, 89] , lacking universality. Fourth, limited number of genes was used in microarray analysis [13] . In the present study, we analyzed the differences of gene expression between three pairs of parental and radioresistant human esophageal cancer cell lines before and after radiotherapy, and observed different gene expression at different time points by applying the Illumina human genome microarray.
Three parental cell lines TE13, Seg1, and KYSE170 and their radioresistant cell lines TE13R, Seg1R, and KYSE170R were kind gifts from the Department of Radiology, MD Anderson Cancer Center. Seg1 was human esophageal adenocarcinoma cell line. TE13 and KYSE170 were human esophageal squamous carcinoma cell lines. The 3 radioresistant cell lines were generated by repeated radiation (total dose was over 60 Gy) on parental cell lines. Cells were cultured in RPMI1640 containing 10% fetal bovine serum (FBS) at 37益 in humidified 5% CO 2 incubator.
Cells were cultured in 75 cm 2 flasks separately. Cells with 80% consistency were trypsined, seeded onto 35 mm dishes and cultured for another 24 h, then irradiated by 6 MV Xray with a dose of 4 Gy/min for 30 s and collected at 8 h and 24 h after radiation.
Cells were collected after trypsinization, and total RNA was extracted by the SV Isolation System Kit (Promega). The concentration of RNA was measured.
cDNA was purified and transcribed into cRNA. After purification and quality determination, the cRNA was mixed with GEXHBY solution (RNasefree), hybridized, incubated at room temperature, washed at high temperature and room temperature, washed by ethanol, washed at room temperature again, washed with Block E1 buffer, determined for signals, washed at room temperature and dried. Images were got from the Illuminated Beadchip Reader. Data were analyzed by the Illuminated Beadstudio Application software and the results were exported in text form.
The text files were analyzed by the Illumina software. The genes with a Illumina DifferScore of 逸 20 were considered as upregulated genes, whereas those with a Illumina DifferScore of 臆 20 were considered as downregulated genes.
< 0.05 indicated significant difference. The differentially expressed genes were acquired by Pathway and GO analyses.
Two upregulated genes LEF1 and CTNNB1 of the Wnt signaling pathway were detected by RTPCR using the AMV Reverse Transcription System kit (Promega). The primer sequences were presented in Table 1 . PCR conditions were as follows: denaturalized at 95益 , annealed at 55益 and extended at 72益 with 30 cycles. 茁 actin was used as a negative control. The PCR products were resolved in 1.5% agarose gel and visualized by ethidium bromide staining. Figure 1 Quantity of differentially expressed genes in radiosensitive and radioresistant human esophageal cancer cells Comparing TE13R cells with TE13 cells, 2608, 1045, and 1498 genes were found to be differentially expressed before, at 8 h and 24 h after radiation, respectively ( Figure  1 ).
Comparing Seg1R cells with Seg1 cells, 2156, 1483, and 2053 genes were differentially expressed before, at 8 h and 24 h after radiation, respectively.
Comparing KYSE170R cells with KYSE170 cells, 945, 733, and 1232 genes were differentially expressed before, at 8 h and 24 h after radiation, respectively.
Among the differentially expressed genes detected in all of the three pairs of cell lines, 460 were differentially expressed before radiation (257 upregulated and 203 downregulated), 451 were differentially expressed at 8 h after radiation (217 upregulated and 234 downregulated), 397 were differentially expressed at 24 h after radiation (173 upregulated and 224 downregulated).
A total of 426 Pathway gene groups and 2194 GO gene groups were analyzed. According to the number of commonly differentially expressed genes of the three pairs of cell lines and differential multiple of gene expression in the Pathway and GO gene groups, we screened 12 Pathway gene groups and 10 GO gene groups which may be associated with radioresistance for further study (Table  2) .
Fourteen genes were involved in several signaling pathways (Table 3) . Upregulation or downregulation of these genes had significant differences between parental and radioresistant cells.
In the Wnt signaling pathway, the expression of LEF1 and CTNNB1 was different between parental and radioresistant cells. The expression of CTNNB1 in radioresistant cells was upregulated by 6.3 times of that in corresponding parental cells after radiation, however, no difference of CTNNB1 expression was found before radiation. Before and after radiation, the expression of LEF1 in radioresistant cells was upregulated by an average of 19.3 times of that in parental cells. As CTNNB1 and LEF1 play essential roles in the Wnt signaling pathway, we chose them for further detection by RTPCR.
We used RTPCR to verify the differential expression of LEF1 and CTNNB1 genes in Seg1 and Seg1R cells. The expression of CTNNB1 was much higher in Seg1R cells than in Seg1 cells, especially at 8 h and 24 h after radiation. Before radiation and at 24 h after radiation, the expression of LEF1 was much higher in Seg1R cells than in Seg1 cells. All results were consistent with those of microarray (Figure 2 ).
The radiosensitivity of esophageal cancer is usually very different, even those with the same pathologic differentiation [14] . The radioresistance of esophageal cancer cells forbids the improvement of treatment efficacy on esophageal cancer. Therefore, to clarify radioresistant mechanism of esophageal cells may contribute to improve the treatment efficacy. Recent studies have compared the differences between radioresistant cells and radiosensitive cells to explore genetic mechanism by using the DNA microarray with high throughput, largescale, high sensitivity, high www.cjcsysu.cn automation and parallelism. In the present study, we used human whole genome microarray technology combined with cluster, Pathway and GO analyses to screen the differentially expressed genes in three pairs of radioresistant and radiosensitive cells with same genetic background by comparing gene expression at different time points after radiation.
In this study, we established radioresistant cell lines by repeated radiation on esophageal cell lines, which has been proved to be an effective method to construct radioresistant cell lines [2, 3, 10, 14] . The radioresistance of cells established by this method has been confirmed.
Several complex signal pathways may be involved in radioresistance of esophageal cells [7, 9, 13] , such as the Wnt signal pathway, TNF receptor pathway, EGFR pathway, and TRAIL pathway. Here, we screened 12 pathways according to the expression difference ratio of critical pathway genes. Some radioresistancerelated genes have been found involved in these pathways [1518] . We found that 2 adjacent genes, LEF1 and CTNNB1, with higher multiple of expression difference may play important roles in radioresistance. We further verified the expression of these two genes by RTPCR.
The Wnt pathway plays essential roles in the organ development during embryogenesis. It is inactive in adult tissues. However, in many human cancer cells, the Wnt signaling pathway and its downstream products are activated. Wnt induces the accumulation of 茁 catenin (CTNNB1). Free 茁 catenin enters into the nuclei and regulates gene expression. Previously, some genes of the Wnt signaling pathway have been found to take part in radioresistance [1921] . However, the mechanism is still unknown. Activated Wnt signaling pathway upregulates the accumulation of 茁 catenin, which in turn induces COX2 expression [22, 23] . The cells with COX2 overexpression exhibit radioresistance [21, 24] . Moreover, COX2 inhibitor reverses the radioresistance of tumor cells [2527] . However, both inhibition of COX2 or downregulation of 茁 catenin could not reverse [28] , indicating that the Wnt signaling pathwayinduced radioresistance is not only dependent on 茁 catenin and COX2. It is also found that dephosphorylated CTNNB1 interacts with LEF1, resulting in the expression of cmyc, cyclin D1, and survivin, which are potentially associated with radioresistance [2931] . Therefore, blocking CTNNB1 and LEF1 may reverse radioresistance.
In this study, we found that LEF1 and CTNNB1 were two critical genes in the Wnt signaling pathway. The expression of LEF1 and CTNBB1 was significantly upregulated in radioresistant cells comparing to their parental cells shown by microarray and RTPCR. Before radiation, the expression of CTNNB1 was similar between Seg1R cells and Seg1 cells. At 8 h and 24 h after radiation, CTNNB1 increased significantly in radioresistant cells, indicating that CTNNB1 was induced by radiation, subsequently regulated the expression of downstream genes and involved in radioresistance. Similar results were found in LEF1 expression. These results suggest that the Wnt signaling pathway and these 2 genes may be related to radioresistance and serve as further targeted genes.
CTNNB1, cadherinassociated protein, is expressed on the surface of layered organs and mediates cell adhesion, signal transduction, and cytoskeleton anchor. In addition, CTNNB1 regulates the growth and behavior of normal cells, transmits signal of contact inhibition, and associates with cell migration during embryogenesis, wound healing, and tumor metastasis. Inhibiting the expression of CTNNB1 can suppress the Wnt signaling pathway and induce cell apoptosis [32] . CTNNB1 mutations are associated with the genesis of endometrial cancer, breast cancer, ameloblastoma, odontogenic tumor, and desmoplastic fibroma [33] . Moreover, CTNNB1 is an important gene of the Wnt signaling pathway, and communicates with 29 genes, including LEF1, MAP3K4, AXIN2, and PIN1. In our study, the expression of CTNNB1 in radioresistant cells was upregulated by a mean of 6.3 times as compared with parental cells after radiation, whereas the expression of CTNNB1 had no significant difference between two cell lines before radiation. Similar results were found in Seg1 and Seg1R cells by RTPCR. These results suggest that the expression of CTNNB1 increased by radiation, which regulated subsequently downstream genes to produce radioresistance.
LEF1, lymphoid enhancerbinding factor1, is expressed in preB cells and T cells, and interacts with T cell receptor alpha to induce maturation and differentiation of T cells. LEF1 is overexpressed in many tumor cells and promotes the invasion of breast cancer. It is involved in cell growth, proliferation, and migration. In addition, LEF1 regulates the density of angiogenesis through the Wnt signaling pathway [34] . Inhibiting the expression of LEF1 can block the Wnt signaling pathway, resulting in cell apoptosis [35] . As an important gene of the Wnt signaling pathway, LEF1 directly interacts with some other genes of this pathway, such as CTNBB1, and has upstream or downstream relationship with 7 genes, such as CTNNB1, NLK and GPI. In our study, the expression of LEF1 in radioresistant cells increased by 19.51 times of that in parental cells either with or without radiation. RTPCR results were consistent with microarray results, suggesting that LEF1 may be involved in radioresistance and may further upregulate its downstream genes to cause radioresistance after radiation. CTNNB1 and LEF1 are two genes involved in the same pathway. Both of them are upregulated in radioresistant cells, suggesting that these two genes may interact directly to induce radioresistance.
The radioresistance of esophageal cells may be induced through multiple signaling pathways. The Wnt pathway is one of the most important signaling pathways involved in this process. As two important genes of the Wnt signaling pathway, LEF1 and CTNNB1 take part in radioresistance and serve as further studied targets. 
